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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a data proces-
sing device for chromatograph mass spectrometer that
processes data collected by a chromatograph mass
spectrometer, such as a gas chromatograph mass spec-
trometer (GC-MS) configured by a combination of a gas
chromatograph (GC) and a mass spectrometer or a liquid
chromatograph mass spectrometer (LC-MS) configured
by a combination of a liquid chromatograph (LC) and a
mass spectrometer.

BACKGROUND ART

[0002] Inatestforablood level for a drug or screening
of urine metabolite, simultaneous multi-component ana-
lysis is often conducted by using a chromatograph mass
spectrometer. In such an analysis, data of a lot of com-
pounds possibly included in samples is stored in a data-
base (a compound table) in advance, and itis determined
whether a compound stored in the database is includedin
the sample of blood or urine, based on data obtained by
conducting scanning measurement (or selected ion mon-
itoring (SIM) measurement or multiple reaction monitor-
ing (MRM) measurement at mass-to-charge ratios listed
stored in the compound table) on a target sample in the
GC-MS or the LC-MS. When any compound stored in the
database is included, quantification of the compound is
conducted further according to requirement.

[0003] As one example, a procedure for identifying a
compound in a target sample based on the data obtained
by the scanning measurement in the GC-MS will be
simply described. It is supposed here that, the following
data set is already stored in the database for each of
compounds including those that may be included in the
sample: a retention time (hereinafter, the retention time
stored in the database is referred to as a "set retention
time"), a standard mass spectrum, mass-to-charge ratios
of a quantitative ion and a confirmation ion, and a refer-
ence value (hereinafter, a "confirmation ion ratio refer-
ence value") for a confirmation ion ratio (a peak area ratio
or a peak height ratio of the quantitative ion and the
confirmation ion).

[0004] First, the set retention time and the mass-to-
charge ratios of a quantitative ion and a confirmation ion
for a compound intended to be identified (hereinafter, a
"target compound") are read out from the compound
database. Then, based on data obtained from a target
sample, mass chromatograms at the mass-to-charge
ratios of the quantitative ion and the confirmation ion
(extracted ion chromatograms) within a predetermined
time range including the set retention time are created. A
peak detection is carried out on each of the mass chro-
matograms, and the values of the area or the height of the
detected peak is obtained. A confirmation ion ratio is
calculated from the values of the peak area (or height)
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obtained by actual measurement, and a determination is
made whether the confirmation ion ratio obtained by the
actual measurement falls within a predetermined allow-
able range based on the confirmation ion ratio reference
value read out from the compound database. Alterna-
tively, instead of using the confirmation ion ratio, a simi-
larity in a spectrum pattern between the mass spectrum
actually measured at a peak top time of a peak detected
on a mass chromatogram of the quantitative ion and a
standard mass spectrum read out from the compound
database is calculated, and a determination is made
whether the similarity is greater than or equal to a pre-
determined threshold. Further, in some cases, both these
determination methods are used. When criteria are sa-
tisfied, a determination is made that the peak on the mass
chromatogram is a peak of the target compound (for
example, see Patent Literature 1).

[0005] When no related peak is found for a certain
target compound, a determination may be made that
the target compound does not exist in a target sample.
Therefore, by conducting the above-described data pro-
cessing on all compounds stored in the compound da-
tabase (or on some of them selected by an analyst), it can
be determined whether each of the compounds exists or
notin the sample. Note that since such a data processing
operation is done to determine which peak is related to
which compound, it may be called an operation for "iden-
tifying a peak as a compound".

[0006] However, when a peak on the chromatogram is
identified as a certain compound by the above-described
procedure, one peak actually derived from one com-
pound is occasionally misidentified as a peak derived
from a plurality of compounds. This can happen when the
target sample includes different compounds in which
mass-to-charge ratios of a quantitative ion and a con-
firmation ion are both the same, and the retention times of
the compounds are close to each other. Further, such
misidentification can happens when the target sample
contains a compound whose mass spectrum includes
peaks of mass-to-charge ratios of a quantitativeionand a
confirmation ion of another compound, and the retention
times of the compounds are close to each other. Such
identification of one peak as the plurality of compounds is
called overlapping identifications.

[0007] Fig. 4 illustrates an example of the overlapping
identifications. Fig. 4(a) shows a chromatogram (total ion
chromatogram) obtained by actual measurement. It is
supposed here that, as criteria of peak identification, a
tolerance in a difference between a measured retention
time and a setretention time in the compound database is
set to 0.2 min, and a threshold of a similarity in mass
spectrum patterns is set to 70. Fig. 4(b) shows results of
identification of compounds for a target peak indicated by
anarrow in Fig. 4(a). Four compounds listed in the table of
Fig. 4(b) are determined as compound candidates re-
lated to the target peak because these compounds all
satisfy the criterion of the peak identification.

[0008] In simultaneous multi-component analysis, the
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above-described process is automatically executed on
each peak on the chromatogram, and compound candi-
dates related to each peak are determined. Whether a
plurality of compound candidates are determined for a
certain peak, namely, whether there are overlapping
identifications, is revealed only after obtaining the results
of identification of the peak. For this reason, convention-
ally a search is made by an analyst whether each peak
has overlapping identifications one by one. When there
are overlapping identifications, the analyst needs to ex-
amine the retention times, confirmation ion ratios, and
similarities of the mass spectrums for a plurality of com-
pound candidates identified for a target peak to select a
most likely compound. The target peak is then identified
as the selected compound. Further, an unselected com-
pound or compounds are used to identify another peak or
peaks, or are regarded as a compound that is not in-
cluded in the target sample. In such a manner, a correct-
ing work such as deleting results of identification is car-
ried out.

[0009] However, in such simultaneous multi-compo-
nent analysis, the number of target compounds is some-
times large (for example, hundreds or more), and the
number of peaks appearing on the chromatogram is
huge. For this reason, it is laborious and takes a lot of
time to carry out even the work for checking whether each
peak has overlapping identifications. Sometimes a peak
which has overlapping identifications may be overlooked
or a peak may be identified as an incorrect compound.
That is, an accurate correcting work may not be carried
out. Further, when there are too many overlapping iden-
tifications, a correction cannot be manually carried out.
Forthisreason, analysis is occasionally conducted ignor-
ing overlapping identifications, which leads to deterio-
rated accuracy of the analysis.

Patent application documents WO2015/033397 and
EP3043175A1 describe a data processing apparatus
for chromatography mass spectrometry. Patent applica-
tion document JP H0943199A discloses data processing
method for use in chromatography mass spectrometry.

CITATION LIST
PATENT LITERATURE

[0010] Patent Literature 1: JP 2011-33346 A

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0011] The present invention is devised in order to
solve the above problems, and its object is to provide a
data processing device for chromatograph mass spectro-
meter that can efficiently carry out, when overlapping
identifications of a peak arise, a work for eliminating
the overlapping identifications through an automatic data
processing foridentifying a peak on a chromatogramas a
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compound.

[0012] Another object of the present invention is to
provide a data processing device for chromatograph
mass spectrometer that can select, when overlapping
identifications of a peak arise, an appropriate compound
related to the peak, namely, identify the peak on a chro-
matogram as an appropriate compound while reducing
time and effort of an analyst.

SOLUTION TO PROBLEM

[0013] The presentinvention devised in order to solve
the above problems provides a data processing device
according to claim 1 herein. The claimed data processing
device, is arranged for chromatography mass spectro-
metry to identify a compound related to a peak detected
on a chromatogram created based on data obtained by
repeating one of scanning measurement in a predeter-
mined mass-to-charge ratio range, selection ion monitor-
ing (SIM) measurement at the predetermined mass-to-
charge ratio, and multiple reaction monitoring (MRM)
measurement in a predetermined MRM transition for a
target sample using a chromatograph mass spectro-
meter, the data processing device for chromatograph
mass spectrometer including

a)a compound information storage unit configured to
store compound information including at least one of
retention times, retention indexes, mass-to-charge
ratios of quantitative ions, mass-to-charge ratios of
confirmation ions, confirmation ion ratios, and mass
spectrums related to a measurement compound or
each of measurement compounds to be determined
to be contained,

b) a peak identifying unit configured to create chro-
matograms based on the data obtained by the mea-
surement using the chromatograph mass spectro-
meter and extract the compounds related to each
peak as compound candidates, based on the com-
pound information stored in the compound informa-
tion storage unit, in peaks detected on the chroma-
tograph; and

c) an identical peak related compound candidate
extracting unit configured to create a list of the com-
pound candidates extracted by the peak identifying
unit and measured peak retention times related to
the compound candidates and extract a plurality of
the compound candidates that are identical to each
other or fall within a predetermined allowable time
range for the measured peak retention times, from
the list.

[0014] Herein, the chromatograph is a gas chromato-
graph (GC) or a liquid chromatograph (LC). Further, the
mass spectrometer may be a mass spectrometer such as
a normal single-type quadrupolar mass spectrometer
that does not dissociate an ion, or a mass spectrometer,
such as a tandem quadrupolar mass spectrometer or a
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so-called quadrupole time-of-flight (Q-TOF) mass spec-
trometer, that can conduct an MS2 mass spectrograph
analysis. When the mass spectrometer is the former
spectrometer, the "scanning measurement" in the pre-
sentinvention is a simple scanning measurement. When
the mass spectrometer is the latter spectrometer, the
"scanning measurement” in the present invention is pro-
duct ion scanning measurement in which a mass-to-
charge ratio of a precursor ion is fixed. Further, normally,
when the mass spectrometer is a mass spectrometer
such as a normal single-type quadrupolar mass spectro-
meter, SIM measurement can be used instead of the
scanning measurement. When the mass spectrometer
is the mass spectrometer that can conduct the MS?2
analysis, MRM measurement can be used instead of
the scanning measurement. In a case of the mass spec-
trometer that can conduct the MS2 analysis, a mass
spectrum included in the compound information may
be a MS2 spectrum.

[0015] In the data processing device for chromato-
graph mass spectrometer of the present invention, when
a data processing is executed on the data collected by
repeating, for example, the scanning measurement on
the target sample, the peak identifying unit creates a
chromatogram (a mass chromatogram or an extracted
ion chromatogram) at the mass-to-charge ratio of the
quantitative ion defined, for example, for each compound
to be measured (measurement compound) by using the
collected data, and detects a peak on the chromatogram.
The peak identifying unit extracts, based on the com-
pound information stored in the compound information
storage unit for each detected peak, the compounds
related to each peak as compound candidates so as to
identify the peak. Since, in this case, the peak is identified
based on whether the peak on the chromatogram
matches with a predetermined criterion based on the
compound data in the database, a peak is identified as
a plurality of compounds (namely, overlapping identifica-
tions) in some cases, or a peak is not identified, namely,
no component in the database is determined as to the
peak in some cases.

[0016] Therefore, the identical peak related compound
candidate selecting unit creates, based on the results of
identification obtained by the peakidentifying unit, a list of
the extracted compound candidates and measured peak
retention times related to the compound candidates.
Then, the identical peak related compound candidate
selecting unit extracts compound candidates in which
the measured peak retention times are identical to each
other or fall within a predetermined allowable time range
from the list. Note that when any other compound candi-
dates in which the measured peak retention times are
identical to a measured peak retention time of a certain
compound candidate or fall within the predetermined
allowable time do not exist, one peak is related to one
compound. That is, overlapping identifications do not
exist, and thus such compound candidates do not have
to be extracted. As a result, only compound candidates
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having overlapping identifications can be extracted.
[0017] The data processing device for chromatograph
mass spectrometer of the present invention includes a
compound candidate grouping unit that groups the com-
pound candidates extracted by the identical peak related
compound candidate extracting unit in relation to each
peak. Grouped results may be put into a table in which a
plurality of compound candidates are related to each
group, for example.

[0018] The above table that is created by grouping
performed by the compound candidate grouping unit
indicates relationships between a peak having overlap-
ping identifications and compound candidates related to
the peak. Therefore, the data processing device for
chromatograph mass spectrometer of the present inven-
tion further includes an information output unit that ex-
ternally outputs information representing the compound
candidates grouped in relation to each peak by the com-
pound candidate grouping unit.

[0019] In this configuration, for example, an analyst
confirms the information displayed on a screen of a dis-
play unit through the information output unit, and the
analyst judges a most appropriate compound candidate
for each peak having overlapping identifications so as to
be capable of narrowing down the compound candidates
or carrying out final peak identification. In this case,
although the analyst needs to do a work such as judging
an appropriate compound candidate and correcting the
results of identification of the peak, even when a number
of compounds to be measured is large or a number of
peaks on the chromatogram is large, a work done by the
analyst for confirming a peak having overlapping identi-
fications is not necessary. As aresult, a burden relating to
the peak identification is less than in a conventional case.
[0020] Further, the present invention may provide the
data processing device for chromatograph mass spectro-
meter,

wherein the retention times are stored as the com-
pound information in the compound information sto-
rage unit,

the data processing device further including a com-
pound candidate determining unit configured to
compare, for each group including the plurality of
compound candidates grouped by the compound
candidate grouping unit and related to a single peak,
absolute values in differences between the retention
times stored in the compound information storage
unit and measured retention times for the plurality of
compound candidates included in each group, and
determine a compound candidate with a smallest
absolute value in the difference as a most likely
compound related to a peak at which the compound
candidate is extracted.

[0021] Further, the present invention may provide the
data processing device for chromatograph mass spectro-
meter,
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wherein the mass spectrums are stored as the com-
pound information in the compound information sto-
rage unit,

the data processing device further including a com-
pound candidate determining unit configured to cal-
culate, for each group including the plurality of com-
pound candidates grouped by the compound candi-
date grouping unit and related to a single peak,
similarities between the mass spectrums for the
plurality of compound candidates included in each
group and measured mass spectrums in a peak top
position of a chromatogram peak at which the plur-
ality of compound candidates are extracted, and
determine a compound candidate with a highest
similarity as a most likely compound related to a
peak at which the compound candidate is extracted.

[0022] Further, the present invention may provide the
data processing device for chromatograph mass spectro-
meter,

wherein confirmation ion ratio reference values are
stored as the compound information in the com-
pound information storage unit,

the data processing device further including a com-
pound candidate determining unit configured to cal-
culate, for each groups including the plurality of
compound candidates grouped by the compound
candidate grouping unit and related to a single peak,
absolute values in differences between the refer-
ence values of the plurality of the compound candi-
dates included in each group and confirmation ion
ratios in a peak top position of a chromatogram peak
at which the plurality of compound candidates are
extracted, and determine a compound candidate
with a smallest absolute value in the difference as
a most likely compound related to peak at which the
compound candidate is extracted.

[0023] Further, the present invention may provide the
data processing device for chromatograph mass spectro-
meter,

wherein the confirmation ion ratio reference values
are stored as the compound information in the com-
pound information storage unit,

the data processing device further including a com-
pound candidate determining unit configured to cal-
culate, for each group including the plurality of com-
pound candidates grouped by the compound candi-
date grouping unit and related to a single peak,
proportions of the reference values of the plurality
of compound candidates included in each group to
confirmation ion ratios in a peak top position of a
chromatogram peak at which the plurality of com-
pound candidates are extracted, and determine a
compound candidate with a smallest absolute value
in a difference between the proportion and 1 as a
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most likely compound related to a peak at which the
compound candidate is extracted.

[0024] In the data processing device for chromato-
graph mass spectrometer according to the first to fourth
aspects of the present invention, the compound candi-
date determining unit extracts, based on any one of the
retention times, the mass spectrums, and the confirma-
tionion ratios, a most likely compound candidate from the
plurality of compound candidates for each peak having
overlapping identifications to determine the most likely
compound candidate as the compound related to each
peak. As a result, overlapping identifications exist, an
analyst does not have to determine a most appropriate
compound candidate. Thus, the peaks can be automa-
tically identified as the likely compound candidate.
[0025] However, for example, when a plurality of com-
pound candidates in which differences between the re-
tention time information as the compound information
and measured retention times are exactly identical to
each other exist, the plurality of compound candidates
may be determined as they are as the compound related
to the peak. That is, one peak does not necessarily have
to be identified as a certain compound.

[0026] Further, according to the above examples, two
or more determinations by the compound candidate de-
termining unit are combined, so that compound candi-
dates related to one peak may be selected.

[0027] Thatis, the data processing device for chroma-
tograph mass spectrometer of the present invention may
further include;

a compound candidate determining unit configured to
use at least two or more of:

a first determining process for comparing, for each
group including the plurality of compound candi-
dates grouped by the compound candidate grouping
unit and related to a single peak, absolute values in
differences between retention times stored in the
compound information storage unit and measured
retention times for the plurality of compound candi-
dates included in each group, and determining a
compound candidate with a smallest absolute value
in the difference as a compound related to a peak at
which the compound candidate is extracted;

a second determining process for calculating, for
each group including the plurality of compound can-
didates grouped by the compound candidate group-
ing unit and related to a single peak, similarities
between mass spectrums for the plurality of com-
pound candidates included in each group and mea-
sured mass spectrums in a peak top position of a
chromatogram peak at which the plurality of com-
pound candidates are extracted, and determining a
compound candidate with a highest similarity as a
compound related to a peak at which the compound
candidate is extracted; and

a third determining process for calculating, for each
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group including the plurality of compound candi-
dates grouped by the compound candidate grouping
unit and related to a single peak, absolute values for
differences between the reference values of the
plurality of the compound candidates included in
each group and confirmation ion ratios in a peak
top position of a chromatogram peak at which the
plurality of compound candidates is extracted, and
determining a compound candidate with a smallest
absolute value in the difference as the compound
related to a peak at which the compound candidate is
extracted, or calculating proportions of the reference
values of the plurality of compound candidates in-
cluded in each group to confirmation ion ratios in a
peak top position of a chromatogram peak at which
the plurality of compound candidates is extracted,
and determining a compound candidate with a smal-
lest absolute value in a difference between the pro-
portion and 1 as a compound related to a peak at
which the compound candidate is extracted,

so as to obtain and determine the compound candi-
date as a most likely compound related to an ex-
tracted peak.

[0028] For example, when a plurality of compound
candidates in which differences between the retention
time information as the compound information and mea-
sured retention times are exactly identical to each other
exist, similarities between standard mass spectrums and
measured mass spectrums are calculated for the plurality
of compound candidates, and a compound candidate
with a highest similarity may be selected. In such a
manner, a peak can be identified as single more likely
compound by combining a plurality of different determi-
nations.

[0029] The data processing device may further include
an identified result organizing unit that automatically
deletes, for each group including the plurality of com-
pound candidates related to a single peak, from the
plurality of compound candidates, compound candidates
other than the compound candidate determined as the
most likely compound by the compound candidate de-
termining unit as unnecessary results of identification of
the peak. As a result, the analyst can confirm only final
results of identification of the peak.

[0030] Further, in the data processing device for chro-
matograph mass spectrometer of the present invention,
when the mass-to-charge ratios of quantitative ions and
the confirmation ions are stored as the compound infor-
mation, a likely compound candidate is not extracted for
each peak by the compound candidate determining unit.
Instead of the extraction, the data processing device may
further include a compound communality determining
unit that compares, for each group including the plurality
of compound candidates grouped by the compound
candidate grouping unit and related to a single peak,
the mass-to-charge ratios of the quantitative ions and
the confirmation ions for peak detection and determines
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whether any common mass-to-charge ratios exists. At
this time, the determination may be made that common
mass-to-charge ratios exist in a case where a mass-to-
charge ratio of a quantitative ion of a certain compound is
a mass-to-charge ratio of a confirmation ion of another
compound.

[0031] When the compound communality determining
unit determines that common mass-to-charge ratios do
not exist among the mass-to-charge ratios of the quanti-
tative ions, among the mass-to-charge ratios of the con-
firmation ions, or between the mass-to-charge ratios of
the quantitative ion and the mass-to-charge ratios of the
confirmation ions, the compounds that are identical or
close to each otherjustin the retention times exist. Thus,
overlapping identifications do not exist but a plurality of
compounds actually overlaps.

[0032] Further, in the data processing device for chro-
matograph mass spectrometer of the present invention,
when the mass-to-charge ratios of quantitative ions and
the confirmation ions and the mass spectrums are stored
as the compound information, the data processing device
may further include a compound communality determin-
ing unit that determines whether, for each group including
the plurality of compound candidates grouped by the
compound candidate grouping unitand related to a single
peak, mass-to-charge ratios of a quantitative ion and a
confirmation ion for detecting a peak of a single com-
pound candidate are included in a mass spectrum of
another compound candidate. In this case, the com-
pound communality determining unit may determine
whether the mass-to-charge ratios of the quantitative
ion and the confirmation ion are included not for all the
peaks on the mass spectrum of the another compound
candidate but for a mass spectrum peak selected based
on a ratio of intensity to t a base peak in the mass
spectrum. Alsoin this configuration, similarly to the above
configuration, it can be determined that overlapping iden-
tifications do not exist but a plurality of compounds ac-
tually overlaps.

[0033] Further, normally, as for compound candidates
that are not determined as being likely, a study is made
whether identification on another peak that is not identi-
fied and in which the retention time is close is enabled.
When the identification on the other peak is enabled, a
work for correcting the results of identification of the peak,
namely, the relations between peaks and compounds is
done. This case is convenient if the results of identifica-
tion of the peak before correction can be referred to as
necessary. Therefore, in the data processing device for
chromatograph mass spectrometer of the present inven-
tion, when results obtained by grouping in relation to each
peak by the compound candidate grouping unit are cor-
rected, the results before correction are enabled to be
automatically saved and to be displayed according to a
predetermined operation.



1 EP 3 483 600 B1 12

ADVANTAGEOUS EFFECTS OF INVENTION

[0034] According to the data processing device for
chromatograph mass spectrometer of the present inven-
tion, even when overlapping identifications arise by an
automatic data processing for identifying a peak on a
chromatogram as a certain compound, an analyst does
not have to confirm a peak having overlapping identifica-
tions. As aresult, the analyst can easily confirm the peak
having overlapping identifications and compound candi-
dates. Therefore, while time and effort of the analyst is
being reduced, namely, efficiently correct compounds
related to each peak on the chromatogram can be de-
termined. Further, in the above-described data proces-
sing device for chromatograph mass spectrometer ac-
cording to the first to fourth aspects, since a most likely
compound is automatically selected for each peak having
overlapping identifications, even if a lot of overlapping
identifications arise, appropriate peak identifications can
be carried out without placing a heavy burden on the
analyst.

BRIEF DESCRIPTION OF DRAWINGS
[0035]

Fig. 1is aschematic configurational diagram of agas
chromatograph mass spectrometer (GC-MS) sys-
tem according to one embodiment having a data
processing device for chromatograph mass spectro-
meter of the present invention.

Fig. 2 is a flowchart illustrating a procedure of a work
and a process for confirming a compound included in
a target sample using the GC-MS system according
to the present embodiment.

Fig. 3 is an explanatory diagram of a peak identifying
process in the GC-MS system according to the pre-
sent embodiment.

Fig. 4 is a diagram illustrating an example of over-
lapping identifications of a peak on a chromatogram
in a conventional data process.

DESCRIPTION OF EMBODIMENTS

[0036] A gas chromatograph mass spectrometer (GC-
MS) system according to one embodiment having a data
processing device for chromatograph mass spectro-
meter of the present invention will be described in detail
below with reference to the accompanying drawings.

[0037] The GC-MS system according to the present
embodiment includes a measuring unit 1 including a gas
chromatograph (GC) unit 11 and a mass spectrometer
(MS) unit 12, an analog-digital converter (ADC) 13 that
digitizes a signal obtained by the measuring unit 1, a data
processor 2 that stores and processes data converted by
the ADC 13, an analysis controller 3 that controls an
operation of the measuring unit 1, a central controller 4
that controls the entire system, and an input unit 5 and a

10

15

20

25

30

35

40

45

50

55

display unit 6 that are user interfaces.

[0038] Notillustrated, the GC unit 11 includes a sample
vaporizing chamber where a small amount of liquid sam-
ple is vaporized, a column that separates a sample
component introduced along a flow of a carrier gas in a
time direction, and a column oven that adjusts a tem-
perature of the column. Further, the MS unit 12 is, for
example, a quadrupolar mass spectrometer, and ionizes
a sample component introduced from the GC unit 11 and
separates the generated ion according to a mass-to-
charge ratio to detect the ion.

[0039] The data processor 2 includes a data storage
unit 21, a compound database 22, a peak identifying unit
23, a retention time list creating unit 24, an overlapping
identification discriminating unit 25 (the retention time list
creating unit 24 and the overlapping identification dis-
criminating unit 25 correspond to an identical peak re-
lated compound candidate extracting unit of the present
invention), a compound candidate determining unit 26,
and an identified result display processor 27 as a function
block. As illustrated in Fig. 1, compound information
about compounds that are expected or likely to be in-
cluded in a sample to be measured, namely, compounds
to be measured is stored in the compound database 22 in
advance. The compound information includes standard
retention times (or retention indexes), standard mass
spectrums, mass-to-charge ratios of quantitative ions,
mass-to-charge ratios of confirmation ions, and confir-
mation ion ratio reference values. Names of the com-
pounds are related to the compound information.
[0040] Note that functions of the data processor 2, the
analysis controller 3, and the central controller 4 can be
realized by executing dedicated control and processing
software installed in a personal computer or a high-per-
formance work station as hardware.

[0041] Fig. 2is a flowchart illustrating a procedure of a
work and a process for confirming a compound to be
measured included in a target sample using the GC-MS
system according to the presentembodiment. Fig. 3is an
explanatory diagram of a peak identifying process char-
acteristic in the confirming process.

[0042] First, the measuring unit 1 conducts GC-MS
analysis on a target sample to collect data (step S1).
That is, when an analyst performs a predetermined op-
eration using the input unit 5, the measuring unit 1 con-
ducts the GC-MS analysis on the target sample under
control of the analysis controller 3 that receives an in-
struction from the central controller 4. At this time, the MS
unit 12 repeats scanning measurement over a preset
mass-to-charge ratio range, and mass spectrum data
of the mass-to-charge ratio range is input into the data
processor 2 at each one scanning measurement to be
stored in the data storage unit 21.

[0043] The peak identifying unit 23 then refers to the
compound information stored in the compound database
22, and executes a peak identifying process based on the
collected data (step S2).

[0044] Specifically, the peakidentifying unit23 creates,
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based on the collected data, mass chromatograms (ex-
tracted ion chromatograms) at the mass-to-charge ratio
of a quantitative ion and the mass-to-charge ratio of a
confirmation ion in the predetermined time range includ-
ing the retention time for each compound stored in the
compound database 22, and detects a peak on the mass
chromatogram. As for a certain compound to be mea-
sured, a peak top position of a peak on the mass chro-
matogram at the mass-to-charge ratio of the quantitative
ion is used as a measured retention time, and a determi-
nation is made whether a difference between the mea-
sured retention time and the retention time stored in the
compound database 22 (set retention time) is within a
predetermined allowable value. When the difference in
the retention time is within the allowable value, a deter-
mination is further made whether a difference between a
confirmation ion ratio calculated from the value of an area
of the peak on the mass chromatogram and a confirma-
tion ion ratio reference value is within a predetermined
allowable value. When this difference is within the allow-
able value, the target compound is decided as a com-
pound candidate related to the peak. Note that, as de-
scribed above, a determination may be made whether a
peak is identified as a target compound by determining a
similarity of a pattern of the mass spectrum instead of the
confirmation ion ratio or in addition to the confirmation ion
ratio.

[0045] In the above-described peak identifying pro-
cess, a compound stored in the compound database
22 is related as a compound candidate to each peak
detected on the mass chromatogram. However, as is
obvious, in some cases, a plurality of compound candi-
dates is related to a single peak or a peak to which no
compound candidate is related may exist. Further, since
not all compounds to be measured are included in the
target sample, a compound to be measured that is not
related to any peak may exist. Such results of identifica-
tion of the peak are once saved in the data storage unit
21.

[0046] Note that a peak identifying method is not lim-
ited to the above described method. For example, peaks
are detected according to a deconvolution process on a
total ion chromatogram, and compound identification is
carried out by using the compound database 22 for each
of the peaks so that compound candidates may be ex-
tracted. Further, the peak identification is occasionally
carried out by using only the retention times without using
the mass spectrum information and the confirmation ion
ratios.

[0047] A process for discriminating overlapping iden-
tifications in initial results of identification of the peak
saved in the data storage unit 21 and correcting the
results of identification of the peak as necessary will be
described below.

[0048] First, the retention time list creating unit 24
creates a list of measured retention times of identified
peaks for all the compounds lined up in the results of
identification of the peak (step S3). Fig. 3(a) shows a
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simple example of the retention time list. The listincludes
seven compounds (compound candidates) withnames A
to G, and Ta to Tg represent retention times related to the
compounds A to G, respectively, stored in the compound
database 22. Symbols x1, x2, and x3 represent mea-
sured retention times of the peaks identified as the com-
pounds at a time of the peak identification at step S2.
[0049] The overlapping identification discriminating
unit 25 then selects two or more compounds in which
the measured retention times are identical to each other
or a difference between the measured retention times is
within a predetermined allowable value from the retention
time list. All the compounds lined up in the retention time
list are grouped so that the plurality of compounds in
which the measured retention times are identical to each
other or the difference between the measured retention
times is within a predetermined allowable value is com-
bined into one group (step S4). Fig. 3(b) shows results of
grouping the compounds listed in the retention time list
shownin Fig. 3(a). Inthis example, seven compounds are
divided into three groups.

[0050] Since a single group is related to a single peak
on the chromatogram, a group including a plurality of
compounds means that the peak is likely to have over-
lapping identifications. On the other hand, when a single
group includes only a single compound, the peak does
not have overlapping identifications. Therefore, the over-
lapping identification discriminating unit 25 determines
whether a group including a plurality of compounds exists
so as to determine whether overlapping identifications
exist (steps S5, S6). In the example of Fig. 3(b), since all
the groups include two or more compounds, the deter-
mination in step S6 is made as Yes and the process goes
to step S7. If overlapping identifications do not exist, the
process bypasses step S7 from step S6 to go to S8. Note
that when a single group includes a plurality of com-
pounds, namely, might have overlapping identifications,
it is not clear whether any compound included in the
group is a true compound, and thus the compounds
included in the group is absolutely compound candi-
dates.

[0051] The compound candidate determining unit 26
then executes any one of the following processes for
each group having overlapping identifications so as to
select a most likely compound candidate (step S7).

(1) Absolute values in differences between the set
retention times of the compound candidates and the
measured retention times of the identified peak are
calculated, and a compound candidate with a smal-
lest value in the group is selected. In group 1 shown
in Fig. 3(b), the retention time difference with respect
to the compound (compound candidate) A is ex-
pressed by ITa - x1l, and the retention time difference
with respect to the compound (compound candi-
dates) B is expressed by ITb - x1l. If ITa - x11 < ITb
-x1l, the compound Aiis selected, andifITa-x11>1Tb
- x11, the compound B is selected.
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(2) Similarities in a pattern between standard mass
spectrums related to the compound candidates and
measured mass spectrums in a peak top position of
the identified peak are calculated, and a compound
candidate with a largest similarity in the group is
selected.

(3) Absolute values in differences between the con-
firmation ion ratio reference values related to the
compound candidates and the confirmation ion ra-
tios obtained from the measured mass chromato-
grams for the identified peak are calculated, and a
compound candidate with a smallest value in the
group (namely, the measured confirmation ion ratios
is closest to the confirmation ion ratio reference
value) is selected.

(4) Ratios of the measured confirmation ion ratios for
the identified peak to the confirmation ion ratio re-
ference values related to the compound candidates
are calculated, and a compound candidate with a
smallest difference (absolute value) between the
ratio and 1 is selected. This is, similarly to (3), a
method for searching for a compound candidate in
which the measured confirmation ion ratio is closest
to the confirmation ion ratio reference value.

[0052] Inthe GC-MS system according to the present
embodiment, since, as descried above, all the retention
times, the standard mass spectrums, and the confirma-
tion ion ratio reference values are stored in the compound
database 22 for respective compounds, all the determi-
nations in (1) to (4) can be made. In this case, for ex-
ample, one compound candidate related to the identified
peak may be selected by executing the determining
process (1). If the retention times are not stored but
the standard mass spectrums are stored in the com-
pound database 22, one compound candidate related
to the identified peak may be selected by executing the
determining process (2). If both the retention times and
the standard mass spectrums are not stored but the
confirmation ion ratio reference values are stored in
the compound database 22, one compound candidate
related to the identified peak may be selected by execut-
ing the determining process (3) or (4). That is, the de-
termining processes (1), (2), and (3) or (4) may be pre-
ferentially executed in this order.

[0053] Fig. 3(c)isadiagramillustrating one example of
results after a compound candidate determining process
in step S7 is executed on the results of the grouping
shown in Fig. 3(b). Herein, ITa - x11 < ITb - x1I, ITc - x2I <
ITe-x2l,and ITd-x3I<ITf-x31<ITg-x31. Asaresult, the
compounds (A, C, D) surrounded by thick lines in Fig. 3(c)
are selected in each group.

[0054] The identified result display processor 27
clearly presents a compound candidate automatically
selected as the most likely compound when overlapping
identifications exist, and displays the results of identifica-
tion of the peak on a screen of the display unit 6 (step S8).
As a result, the analyst confirms a peak having over-
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lapping identifications, and can know a most likely com-
pound candidate for the peak.

[0055] Note that after a notification of the results of
identification of the peak is provided in step S8, only a
most likely peak identified result, namely, compound
candidate is allowed to remain, and the other results of
identification of the peak may be automatically deleted.
Fig. 3(d) shows an example where the results other than
the most likely peak identified result are deleted from the
selected results in Fig. 3(c). As a result, the peak identi-
fied result without the overlapping identifications remains
as a final result.

[0056] Note that after the results of identification of the
peak are grouped based on the retention times in step S4,
the grouped results are displayed on the screen of the
display unit 6, and a subsequent work for determining a
most likely peak identified result is not done as the auto-
matic data processing but may be done manually by the
analyst. In this case, although a most likely compound
candidate has to be determined by the analyst, the pro-
cess for searching for a peak that is likely to have over-
lapping identifications, and extracting compound candi-
dates related to the peak is automatically executed. For
this reason, a burden on the analyst is less than in a
conventional case.

[0057] Further, when the most likely compound candi-
date is selected in step S7, two or more of the determina-
tions in (1), (2), and (3) or (4) may be combined. For
example, when a plurality of compound candidates in-
cludedin asingle group are exactly identical to each other
in the retention times and thus the compound candidates
cannot be limited to one, the determination in (2) or (3) is
further made so that one compound candidate may be
selected for each group.

[0058] Further, in steps S3 and S4, retention indexes
may be used instead of retention times.

[0059] Further, in the peak identifying process in step
S2, when a plurality of compound candidates in which the
retention times of the peak are identical to each other or
differences between the retention times are less than or
equal to a predetermined value exist, actually a plurality
of different compounds are detected at the identical or
very close retention times, namely, actually the plurality of
compounds overlap. Therefore, there may be provided a
function for comparing, as for a compound group
(namely, a plurality of compound candidates included
in a single group) in which a single peak is likely to have
overlapping identifications under the criterion of the peak
identification, the mass-to-charge ratios of quantitative
ions and the mass-to-charge ratios of confirmationions to
be used for creating mass chromatograms, and deter-
mining whether any common mass-to-charge ratios ex-
ist. At this time, the determination may be made that
common mass-to-charge ratios exist in a case where a
mass-to-charge ratio of a quantitative ion of a certain
compound is a mass-to-charge ratio of a confirmation ion
of another compound. As for compounds without a com-
mon mass-to-charge ratio between the mass-to-charge
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ratios of the quantitative ions, between the mass-to-
charge ratios of the confirmation ions, or between the
mass-to-charge ratios of the quantitative ion and the
mass-to-charge ratios of the confirmation ions, these
compounds are identical or close to each other just in
the retention times. Thus, even if a single peak is seen on
the chromatogram, it can be determined that the respec-
tive compounds exist in the sample.

[0060] Further, instead of the above-described func-
tion, there may further be provided a function for deter-
mining whether, as for a compound group in which a
single peak is likely to have overlapping identifications
under the criterion of the peak identification, there is, on a
mass spectrum stored in relation to a single compound, a
peak of a mass-to-charge ratio of a quantitative ionand a
mass-to-charge ratio of a confirmation ion used for creat-
ing amass chromatogram of another compound, foreach
compound included in the compound group. Note that, at
this time, the determination is not made whether there
exist all the peaks included in the stored mass spectrums
at the mass-to-charge ratios of quantitative ions and
confirmation ions, but after a target peak is selected
based on a ratio of signal intensity to a base peak at
which signal intensity is maximum (for example, the
target is only a peak in which the ratio of the signal
intensity to the base peak is greater than or equal to
0.2), the determination may be made whether there ex-
ists a peak of the mass-to-charge ratios of the quantita-
tive ions and the confirmation ions.

[0061] Further, in each group where the results of
identification of the peak are obtained by grouping based
on the retention times, the correcting work has to be done
for compound candidates other than the compound can-
didate determined as most likely in some cases such that
the results of identification of the peak are changed into
results of another peak that is close to the identified peak
in the retention times. Therefore, there may provide a
function for indicating a peak originally identified for a
certain compound candidate in display on the chromato-
gram or saving original results of identification of the peak
so as to appropriately select a peak other than the ori-
ginally identified peaks when the analyst tries to correct
the results of identification of the peak.

[0062] Further, in the GC-MS system according to the
above embodiment, the data processing is executed on
the data collected by the scanning measurement, but
when mass-to-charge ratios of quantitative ions and
confirmation ions are stored in the compound database
22, the SIM measurement may be carried out on the
mass-to-charge ratios of the quantitative ions and the
confirmation ions to collect the data. In this case, since
mass spectrums cannot be created, it is obvious that
compound candidates cannot be selected by using the
mass spectrums.

[0063] Further, in the GC-MS system according to the
above embodiment, although a single type quadrupolar
mass spectrometer is assumed as the MS unit 12, the MS
unit 12 may be a tandem quadrupolar mass spectrometer
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or a Q-TOF mass spectrometer. In this case, product ion
scanning measurement is carried out instead of the
scanning measurement, or the multiple reaction monitor-
ing (MRM)is carried out instead of the SIM measurement
so as to collect the data.

[0064] Further, in the above embodiment, the data
processing device for chromatograph mass spectro-
meter of the present invention is applied to the GC-MS
system, but it is obvious that the present invention is
applicable to data obtained by LC-MS.

REFERENCE SIGNS LIST
[0065]

1... Measuring Unit

11... Gas Chromatograph (GC) Unit

12... Mass Spectrometer (MS) Unit

13... Analog-Digital Converter

2... Data Processor

21... Data Storage Unit

22... Compound Database

23... Peak Identifying Unit

24... Retention Time List Creating Unit

25... Overlapping ldentification Discriminating Unit
26... Compound Candidate Determining Unit

27... Identified Result Display Processor

3... Analysis Controller

4... Central Controller
5... Input Unit
6... Display Unit

Claims

1. A data processing device (2) for chromatography-
mass spectrometry that identifies a compound re-
lated to a peak detected on a chromatogram created
based on data obtained by repeating a measurement
which is one of scanning measurement in a prede-
termined mass-to-charge ratio range, selection ion
monitoring (SIM) measurement at the predeter-
mined mass-to-charge ratio, and multiple reaction
monitoring (MRM) measurementin a predetermined
MRM transition for a target sample using a chroma-
tograph mass spectrometer (1), the data processing
device (2) comprising:

a) a compound information storage unit (22)
configured to store compound information re-
lated to measurement compounds that are ex-
pected or likely to be included in the target
sample, the compound information including
atleastone of retention times, retention indexes,
mass-to-charge ratios of quantitative ions,
mass-to-charge ratios of confirmation ions, con-
firmation ion ratios, and mass spectrums;

b) a peak identifying unit (23) configured, in
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respect of each peak in chromatograms created
for the measurement compounds based on the

3. Thedata processing device (2) for chromatography-
mass spectrometry according to claim 1,

data obtained by the measurement using the
chromatograph mass spectrometer (1), to per-

group, and determine a compound candidate
with a smallest absolute value in the difference
as a most likely compound related to a peak at
which the compound candidate is extracted.

11

wherein the mass spectrums are stored as the

form identification of a peak based on the com- 5 compound information in the compound infor-
pound information stored in the compound in- mation storage unit (22),
formation storage unit (22) to extract the mea- the data processing device (2) further compris-
surement compounds corresponding to the re- ing a compound candidate determining unit (26)
spective peak as possible compound candi- configured to calculate, for each group including
dates related to the respective peak; 10 the compound candidates having overlapping
c) an identical peak related compound candi- identifications grouped by the compound candi-
date extracting unit (24, 25) configured to create date grouping unit (25) and related to a single
a list of measured retention times for the possi- peak, similarities between the mass spectrums
ble compound candidates extracted by the peak for the compound candidates having overlap-
identifying unit (23) and extract, from the list, 15 ping identifications included in each group and
only compound candidates having overlapping measured mass spectrums in a peak top posi-
identifications in which the measured retention tion of a chromatogram peak at which the com-
times are identical to each other or a difference pound candidates having overlapping identifica-
between the measured retention times is within tions are extracted, and determine a compound
a predetermined allowable value, thereby find- 20 candidate with a highest similarity as a most
ing one or more peaks having overlapping iden- likely compound related to a peak at which the
tifications; compound candidate is extracted.
d) a compound candidate grouping unit (25) that
groups the compound candidates having over- 4. The data processing device (2) for chromatography-
lapping identifications extracted by the identical 25 mass spectrometry according to claim 1,
peak related compound candidate extracting
unit (24, 25) in relation to each of the one or wherein the confirmation ion ratio reference va-
more peaks having overlapping identifications lues are stored as the compound information in
found by the identical peak related compound the compound information storage unit (22),
candidate extracting unit (24, 25); and 30 the data processing device (2) further compris-
e) an information output unit (27) that externally ing a compound candidate determining unit (26)
outputs information representing the compound configured to calculate, for each group including
candidates having overlapping identifications the compound candidates having overlapping
grouped in relation to each of the one or more identifications grouped by the compound candi-
peaks having overlapping identifications by the 35 date grouping unit (25) and related to a single
compound candidate grouping unit (25). peak, absolute values in differences between
the reference values of the plurality of the com-
2. The data processing device (2) for chromatography- pound candidates included in each group and
mass spectrometry according to claim 1, confirmation ion ratios in a peak top position of a
40 chromatogram peak at which the compound
wherein the retention times are stored as the candidates having overlapping identifications
compound information in the compound infor- are extracted, and determine a compound can-
mation storage unit (22), didate with a smallest absolute value in the
the data processing device (2) further compris- difference as a most likely compound related
ing a compound candidate determining unit (26) 45 to a peak at which the compound candidate is
configured to compare, for each group including extracted.
the compound candidates having overlapping
identifications grouped by the compound candi- 5. The data processing device (2) for chromatography-
date grouping unit (25) and related to a single mass spectrometry according to claim 1,
peak, absolute values in differences between 50
the retention times stored in the compound in- wherein the confirmation ion ratio reference va-
formation storage unit (22) and measured reten- lues are stored as the compound information in
tion times for the compound candidates having the compound information storage unit (22),
overlapping identifications included in each the data processing device (2) further compris-
55

ing a compound candidate determining unit (26)
configured to calculate, for each group including
the compound candidates having overlapping
identifications grouped by the compound candi-
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date grouping unit (25) and related to a single
peak, proportions of the reference values of the
compound candidates having overlapping iden-
tifications included in each group to confirmation
ion ratios in a peak top position of a chromato-
gram peak at which the compound candidates
having overlapping identifications are extracted,
and determine a compound candidate with a
smallest absolute value in a difference between
the proportion and 1 as a most likely compound
related to a peak at which the compound candi-
date is extracted.

6. The data processing device (2) for chromatography-

mass spectrometry according to claim 1, further
comprising:

a compound candidate determining unit (26)
configured to use two or more of:

a first determining process for comparing,
foreach group including the compound can-
didates having overlapping identifications
grouped by the compound candidate group-
ing unit (25) and related to a single peak,
absolute values in differences between re-
tention times stored in the compound infor-
mation storage unit (22) and measured re-
tention times for the compound candidates
having overlapping identifications included
in each group, and determining a com-
pound candidate with a smallest absolute
value in the difference as a compound re-
lated to a peak at which the compound
candidate is extracted;

a second determining process for calculat-
ing, for each group including the compound
candidates having overlapping identifica-
tions grouped by the compound candidate
grouping unit (25) and related to a single
peak, similarities between mass spectrums
for the compound candidates having over-
lapping identifications included in each
group and measured mass spectrums in a
peak top position of a chromatogram peak
at which the compound candidates having
overlapping identifications are extracted,
and determining a compound candidate
with a highest similarity as a compound
related to a peak at which the compound
candidate is extracted; and

a third determining process for calculating,
for each group including the compound can-
didates having overlapping identifications
grouped by the compound candidate group-
ing unit (25) and related to a single peak,
absolute values for differences between the
reference values of the plurality of the com-
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pound candidates included in each group
and confirmation ion ratios in a peak top
position of a chromatogram peak at which
the compound candidates having overlap-
ping identifications are extracted, and de-
termining a compound candidate with a
smallest absolute value in the difference
as the compound related to a peak at which
the compound candidate is extracted, or
calculating proportions of the reference va-
lues of the compound candidates having
overlapping identifications included in each
group to confirmation ion ratios in a peak top
position of a chromatogram peak at which
the compound candidates having overlap-
ping identifications are extracted, and de-
termining a compound candidate with a
smallest absolute value in a difference be-
tween the proportion and 1 as a compound
related to a peak at which the compound
candidate is extracted,

so as to obtain and determine a compound
candidate as a most likely compound related
to an extracted peak.

The data processing device (2) for chromatography-
mass spectrometry according to any one of claims 2
to 6, further comprising an identified result organiz-
ing unit that automatically deletes, for each group
including the compound candidates having overlap-
ping identifications related to a single peak, from the
compound candidates having overlapping identifica-
tions, compound candidates other than the com-
pound candidate determined as the most likely com-
pound by the compound candidate determining unit
(26) as unnecessary results of identification of the
peak.

The data processing device (2) for chromatography-
mass spectrometry according to claim 1,

wherein the mass-to-charge ratios of the quantitative
ions and the confirmation ions are stored as the
compound information in the compound information
storage unit (22), the data processing device (2)
further comprising:

a compound communality determining unit that com-
pares, for each group including the compound can-
didates having overlapping identifications grouped
by the compound candidate grouping unit (25) and
related to a single peak, the mass-to-charge ratios of
the quantitative ions and the confirmation ions for
peak detection and determines whether any com-
mon mass-to-charge ratios exists.

The data processing device (2) for chromatography-
mass spectrometry according to claim 1,
wherein the mass-to-charge ratios of the quantitative
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ions and the confirmation ions and the mass spec-
trums are stored as the compound information in the
compound information storage unit (22), the data
processing device (2) further comprising:

a compound communality determining unit that de-
termines whether, for each group including the com-
pound candidates having overlapping identifications
grouped by the compound candidate grouping unit
and related to a single peak, mass-to-charge ratios
of a quantitative ion and a confirmation ion for de-
tecting a peak of a single compound candidate are
included in a mass spectrum of another compound
candidate.

The data processing device (2) for chromatography-
mass spectrometry according to claim 9, wherein the
compound communality determining unit deter-
mines whether the mass-to-charge ratios of the
quantitative ion and the confirmation ion are included
for a mass spectrum peak selected based on aratio
of intensity to a base peak are included in the mass
spectrum of the another compound candidate.

The data processing device (2) for chromatography-
mass spectrometry according to claim 1, wherein
when results obtained by grouping in relation to each
of the one or more peaks having overlapping identi-
fications by the compound candidate grouping unit
(25) are corrected, the results before correction are
enabled to be automatically saved and to be dis-
played according to a predetermined operation.

Patentanspriiche

1.

Datenverarbeitungsvorrichtung (2) fir Chromato-
graphie-Massenspektrometrie, welche eine Verbin-
dung im Zusammenhang mit einem auf einem Chro-
matogramm detektierten Peak basierend auf Daten
detektiert, die durch Wiederholen einer Messung,
welche eine aus einer Scan-Messung in einem vor-
bestimmten Masse-zu-Ladungs-Verhaltnisbereich,
einer Auswahlioneniberwachungs- (SIM-) Mes-
sungim vorbestimmten Masse-zu-Ladungs-Verhalt-
nisbereich und einer Mehrfachreaktionsiberwa-
chungs- (MRM-) Messung bei einem vorbestimmten
MRM-Ubergangist, fiir eine Zielprobe unter Verwen-
dung eines Chromatographie-Massenspektrome-
ters (1) erhalten werden, wobei die Datenverarbei-
tungsvorrichtung (2) Folgendes umfasst:

a) eine Verbindungsinformationsspeicherein-
heit (22), die konfiguriert ist, um Verbindungs-
informationen in Bezug auf Messverbindungen,
die erwartungsgemafl oder wahrscheinlich in
der Zielprobe umfasst sind, zu speichern, wobei
die Verbindunginformationen zumindest eines
aus Retentionszeiten, Retentionsindizes, Mas-
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se-zu-Ladungs-Verhaltnissen von quantitativen
lonen, Masse-zu-Ladungs-Verhaltnissen von
Bestatigungsionen, Bestatigungsionenverhalt-
nisse und Massenspektren umfasst;

b) eine Peakidentifizierungseinheit (23), die da-
zu ausgelegt ist, in Bezug auf jeden Peak in
Chromatogrammen, die fiir die Messverbindun-
gen basierend auf den durch die Messung unter
Verwendung des Chromatographie-Massen-
spektrometers (1) erhaltenen Daten erzeugt
wurden, eine Identifizierung eines Peaks basie-
rend auf den in der Verbindungsinformations-
speichereinheit (22) gespeicherten Verbin-
dungsinformationen durchzufiihren, um die
dem jeweiligen Peak entsprechenden Messver-
bindungen als mdgliche Verbindungskandida-
ten in Bezug auf den jeweiligen Peak zu extra-
hieren;

c) eine mit identischen Peaks zusammenhan-
gende Verbindungskandidat-Extraktionseinheit
(24, 25), die dazu ausgelegt ist, eine Liste ge-
messener Retentionszeiten fiir die moglichen
Verbindungskandidaten, die durch die Peaki-
dentifizierungseinheit (23) extrahiert wurden,
zu erzeugen und aus der Liste nur Verbindungs-
kandidaten mit Giberlappenden Identifikationen
zu extrahieren, bei denen die gemessenen Re-
tentionszeiten miteinander identisch sind oder
eine Differenz zwischen den gemessenen Re-
tentionszeiten innerhalb eines vorbestimmten
zulassigen Werts liegt, wodurch ein oder mehre-
re Peaks mit Gberlappenden Identifikationen ge-
funden werden;

d) eine Verbindungskandidatengruppierungs-
einheit (25), welche die Verbindungskandidaten
mit Uberlappenden Identifikationen, die durch
die mit identischen Peaks zusammenhangende
Verbindungskandidat-Extraktionseinheit (24,
25) extrahiert wurden, in Bezug auf jeden aus
dem einen oder den mehreren Peaks mit tiber-
lappenden Identifikationen, die durch die mit
identischen Peaks zusammenhangende Ver-
bindungskandidat-Extraktionseinheit (24, 25)
gefunden wurden, gruppiert; und

e) eine Informationsausgabeeinheit (27), die
Informationen, welche die Verbindungskandi-
daten mit Uberlappenden ldentifikationen, die
in Bezug auf jeden aus dem einen oder den
mehreren Peaks mit Uberlappenden Identifika-
tionen durch die Verbindungskandidatengrup-
pierungseinheit (25) gruppiert wurden, darstel-
len, extern ausgibt.

2. Datenverarbeitungsvorrichtung (2) fir Chromato-

graphie-Massenspektrometrie nach Anspruch 1,

wobei die Retentionszeiten als Verbindungsin-
formationen in der Verbindungsinformations-
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speichereinheit (22) gespeichert sind,

wobei die Datenverarbeitungsvorrichtung (2)
ferner eine Verbindungskandidatenbestim-
mungseinheit (26) umfasst, die konfiguriert ist,

26

um fiir jede Gruppe, welche die durch die Ver-
bindungskandidatengruppierungseinheit  (25)
gruppierten Verbindungskandidaten mit tber-
lappenden Identifikationen umfasst, und in Be-

um fiir jede Gruppe, welche die durch die Ver- 5 zug auf einen einzelnen Peak Absolutwerte von
bindungskandidatengruppierungseinheit (25) Differenzen zwischen den Referenzwerten der
gruppierten Verbindungskandidaten mit tber- Vielzahl von in jeder Gruppe umfassten Verbin-
lappenden Ildentifikationen umfasst, und in Be- dungskandidaten und Bestatigungsionenver-
zug auf einen einzelnen Peak Absolutwerte von haltnissen in einer oberen Peakposition eines
Differenzen zwischen den in der Verbindungs- 10 Chromatogramm-Peaks, bei dem die Verbin-
informationsspeichereinheit (22) gespeicherten dungskandidaten mit Uberlappenden Identifika-
Retentionszeiten und fiir die in jeder Gruppe tionen extrahiert werden, zu berechnen und ei-
umfassten Verbindungskandidaten mit Uber- nen Verbindungskandidaten mit einem klein-
lappenden Identifikationen gemessenen Reten- sten Absolutwert der Differenz als wahrschein-
tionszeiten zu vergleichen und einen Verbin- 15 lichste Verbindung in Bezug auf einen Peak, bei
dungskandidaten mit einem kleinsten Absolut- dem der Verbindungskandidat extrahiert wird,
wert in der Differenz als wahrscheinlichste Ver- zu bestimmen.
bindung in Bezug auf einen Peak, bei dem der
Verbindungskandidat extrahiert wird, zu bestim- 5. Datenverarbeitungsvorrichtung (2) fir Chromato-
men. 20 graphie-Massenspektrometrie nach Anspruch 1,
3. Datenverarbeitungsvorrichtung (2) fiir Chromato- wobei die Bestatigungsionenverhaltnisreferen-
graphie-Massenspektrometrie nach Anspruch 1, zwerte als Verbindungsinformationenin der Ver-
bindungsinformationsspeichereinheit (22) ge-
wobei die Massenspektren als Verbindungsin- 25 speichert sind,
formationen in der Verbindungsinformations- wobei die Datenverarbeitungsvorrichtung (2)
speichereinheit (22) gespeichert sind, ferner eine Verbindungskandidatenbestim-
wobei die Datenverarbeitungsvorrichtung (2) mungseinheit (26) umfasst, die konfiguriert ist,
ferner eine Verbindungskandidatenbestim- um flr jede Gruppe, welche die durch die Ver-
mungseinheit (26) umfasst, die konfiguriert ist, 30 bindungskandidatengruppierungseinheit  (25)
um fiir jede Gruppe, welche die durch die Ver- gruppierten Verbindungskandidaten mit Gber-
bindungskandidatengruppierungseinheit (25) lappenden Identifikationen umfasst, und in Be-
gruppierten Verbindungskandidaten mit tber- zug auf einen einzelnen Peak Proportionen der
lappenden Identifikationen umfasst, und in Be- Referenzwerte der in jeder Gruppe umfassten
zug auf einen einzelnen Peak Ahnlichkeiten 35 Verbindungskandidaten mit Uberlappenden
zwischen den Massenspektren fir die in jeder Identifikationen zu Bestatigungsionenverhalt-
Gruppe umfassten Verbindungskandidaten mit nissen in einer oberen Peakposition eines Chro-
Uberlappenden Identifikationen und den ge- matogramm-Peaks, bei dem die Verbindungs-
messenen Massenspektren in einer oberen kandidaten mit tiberlappenden Identifikationen
Peakposition eines Chromatogramm-Peaks, 40 extrahiert werden, zu berechnen und einen Ver-
bei dem die Verbindungskandidaten mit Uber- bindungskandidaten mit einem kleinsten Abso-
lappenden Identifikationen extrahiert werden, lutwert der Differenz zwischen der Proportion
zu berechnen und einen Verbindungskandida- und 1 als wahrscheinlichste Verbindung in Be-
ten mit einer groRten Ahnlichkeit als wahr- zug auf einen Peak, bei dem der Verbindungs-
scheinlichste Verbindung in Bezug auf einen 45 kandidat extrahiert wird, zu bestimmen.
Peak, bei dem der Verbindungskandidat extra-
hiert wird, zu bestimmen. 6. Datenverarbeitungsvorrichtung (2) fir Chromato-
graphie-Massenspektrometrie nach Anspruch 1, fer-
4. Datenverarbeitungsvorrichtung (2) fir Chromato- ner umfassend:
graphie-Massenspektrometrie nach Anspruch 1, 50

eine Verbindungskandidatenbestimmungsein-
heit (26), die dazu ausgelegt ist, zwei oder meh-
rere aus folgenden zu verwenden:

wobei die Bestatigungsionenverhaltnisreferen-
zwerte als Verbindungsinformationen in der Ver-
bindungsinformationsspeichereinheit (22) ge-
speichert sind; 55
wobei die Datenverarbeitungsvorrichtung (2)
ferner eine Verbindungskandidatenbestim-
mungseinheit (26) umfasst, die konfiguriert ist,

einen ersten Bestimmungsvorgang zum
Vergleichen, fur jede Gruppe, welche die
durch die Verbindungskandidatengruppie-
rungseinheit (25) gruppierten Verbindungs-

14
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kandidaten mit iberlappenden Identifikatio-
nen umfasst, und in Bezug auf einen ein-
zelnen Peak, von Absolutwerten von Diffe-
renzen zwischen den in der Verbindungs-
informationsspeichereinheit (22) gespei-
cherten Retentionszeiten und den fir die
in jeder Gruppe umfassten Verbindungs-
kandidaten mit Giberlappenden Identifikatio-
nen gemessenen Retentionszeiten und Be-
stimmen eines Verbindungskandidaten mit
einem kleinsten Absolutwert in der Diffe-
renz als Verbindung in Bezug auf einen
Peak, bei dem der Verbindungskandidat
extrahiert wird;

einen zweiten Bestimmungsvorgang zum
Berechnen, fir jede Gruppe, welche die
durch die Verbindungskandidatengruppie-
rungseinheit (25) gruppierten Verbindungs-
kandidaten mit iiberlappenden Identifikatio-
nen umfasst, und in Bezug auf einen ein-
zelnen Peak, von Ahnlichkeiten zwischen
Massenspektren flr die in jeder Gruppe
umfassten Verbindungskandidaten mit
Uberlappenden Identifikationen und ge-
messenen Massenspektren in einer oberen
Peakposition eines Chromatogramm-
Peaks, beidem die Verbindungskandidaten
mit Uberlappenden ldentifikationen extra-
hiert werden, und Bestimmen eines Verbin-
dungskandidaten mit einer groRten Ahn-
lichkeit als Verbindung in Bezug auf einen
Peak, bei dem der Verbindungskandidat
extrahiert wird; und

einen dritten Bestimmungsvorgang zum
Berechnen, fiir jede Gruppe, welche die
durch die Verbindungskandidatengruppie-
rungseinheit (25) gruppierten Verbindungs-
kandidaten mit Giberlappenden Identifikatio-
nen umfasst, und in Bezug auf einen ein-
zelnen Peak, von Absolutwerten fiir Diffe-
renzen zwischen den Referenzwerten der
Vielzahlvonin jeder Gruppe umfassten Ver-
bindungskandidaten und Bestatigungsio-
nenverhaltnissen in einer oberen Peakposi-
tion eines Chromatogramm-Peaks, beidem
die Verbindungskandidaten mit Uberlapp-
enden l|dentifikationen extrahiert werden,
und Bestimmen eines Verbindungskandi-
daten mit einem kleinsten Absolutwert der
Differenz als Verbindung in Bezug auf einen
Peak, bei dem der Verbindungskandidat
extrahiert wird, oder Berechnen von Pro-
portionen der Referenzwerte der in jeder
Gruppe umfassten Verbindungskandidaten
mit Uberlappenden Identifikationen zu Be-
statigungsionenverhaltnissen in einer obe-
ren Peakposition eines Chromatogramm-
Peaks, bei dem die Verbindungskandidaten
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mit Uberlappenden Identifikationen extra-
hiert werden, und Bestimmen eines Verbin-
dungskandidaten mit einem kleinsten Ab-
solutwert der Differenz zwischen der Pro-
portion und 1 als Verbindung in Bezug auf
einen Peak, bei dem der Verbindungskan-
didat extrahiert wird,

um einen Verbindungskandidaten als wahr-
scheinliche Verbindung in Bezug auf einen ext-
rahierten Peak zu erhalten und zu bestimmen.

Datenverarbeitungsvorrichtung (2) fir Chromato-
graphie-Massenspektrometrie nach einem der An-
spriiche 2 bis 6, ferner umfassend eine Identifizierte-
Ergebnisse-Organisationseinheit, welche fir jede
Gruppe, die Verbindungskandidaten mit tUberlapp-
enden Identifikationen in Bezug auf einen einzelnen
Peak umfasst, andere Verbindungskandidaten als
die, die durch die Verbindungskandidatenbestim-
mungseinheit (26) als wahrscheinlichste Verbin-
dung bestimmt wurden, automatisch als nicht not-
wendige Peakidentifizierungsergebnisse aus den
Verbindungskandidaten mit Gberlappenden Identifi-
kationen l6scht.

Datenverarbeitungsvorrichtung (2) fir Chromato-
graphie-Massenspektrometrie nach Anspruch 1,
wobei die Masse-zu-Ladungs-Verhéltnisse der
quantitativen lonen und der Bestatigungsionen als
Verbindungsinformationen in der Verbindungsinfor-
mationsspeichereinheit (22) gespeichert sind, wobei
die Datenverarbeitungsvorrichtung (2) ferner Fol-
gendes umfasst:

eine Verbindungsgemeinsamkeitsbestimmungsein-
heit, die fur jede Gruppe, welche die durch die Ver-
bindungskandidatengruppierungseinheit (25) grup-
pierten Verbindungskandidaten mit Uberlappenden
Identifikationen umfasst, und in Bezug auf einen
einzelnen Peak die Masse-zu-Ladungs-Verhaltnis-
se der quantitativen lonen und der Bestatigungsio-
nen zur Peak-Detektion vergleicht und bestimmt, ob
gemeinsame Masse-zu-Ladungs-Verhaltnisse vor-
liegen.

Datenverarbeitungsvorrichtung (2) fur Chromato-
graphie-Massenspektrometrie nach Anspruch 1,
wobei die Masse-zu-Ladungs-Verhaltnisse der
quantitativen lonen und der Bestatigungsionen so-
wie die Massenspektren als Verbindungsinformatio-
nen in der Verbindungsinformationsspeichereinheit
(22) gespeichert sind, wobei die Datenverarbei-
tungsvorrichtung (2) ferner Folgendes umfasst:
eine Verbindungsgemeinsamkeitsbestimmungsein-
heit, die fir jede Gruppe, welche die durch die Ver-
bindungskandidatengruppierungseinheit gruppier-
ten Verbindungskandidaten mit Uberlappenden
Identifikationen umfasst, und in Bezug auf einen
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einzelnen Peak bestimmt, ob die Masse-zu-La-
dungs-Verhaltnisse eines quantitativen lons und ei-
nes Bestatigungsions zum Detektieren eines Peaks
eines einzelnen Verbindungskandidaten in einem
Massenspektrum eines anderen Verbindungskandi-
daten umfasst sind.

Datenverarbeitungsvorrichtung (2) fir Chromato-
graphie-Massenspektrometrie nach Anspruch 9,
wobei die Verbindungsgemeinsamkeitsbestim-
mungseinheit bestimmt, ob die Masse-zu-La-
dungs-Verhaltnisse des quantitativen lons und des
Bestatigungsions flr einen Massenspektrumspeak,
der basierend auf einem Verhaltnis von Intensitat zu
einem Basispeak ausgewahlt ist, in dem Massen-
spektrum eines anderen Verbindungskandidaten
umfasst sind.

Datenverarbeitungsvorrichtung (2) fir Chromato-
graphie-Massenspektrometrie nach Anspruch 1,
wobei, wenn Ergebnisse, die durch Gruppieren
durch die Verbindungskandidatengruppierungsein-
heit (25) in Bezug auf jeden aus dem einen oder den
mehreren Peaks mit Giberlappenden Identifikationen
erhalten wurden, korrigiert werden, vor dem Korri-
gieren moglich ist, dass die Ergebnisse automatisch
gespeichert und entsprechend einem vorbestimm-
ten Vorgang angezeigt werden.

Revendications

Dispositif de traitement de données (2) pour spec-
trométrie de masse par chromatographie qui identi-
fie un composé lié & un pic détecté sur un chromato-
gramme créé sur la base de données obtenues en
répétant une mesure qui est une certaine parmi une
mesure de balayage dans une plage de rapport
masse sur charge prédéterminée, une mesure de
surveillance d’ions de sélection (SIM) au rapport
masse sur charge prédéterminé, et une mesure de
surveillance de réactions multiples (MRM) dans une
transition de MRM prédéterminée pour un échantil-
lon cible en utilisant un spectrométre de masse de
chromatographie (1), le dispositif de traitement de
données (2) comprenant :

a) une unité de stockage d’informations de
composeés (22) configurée pour stocker des in-
formations de composés relatives a des compo-
sés de mesure qui sont attendus ou suscepti-
bles d’étre inclus dans I'échantillon cible, les
informations de composés comprenant au
moins un certain parmi des temps de rétention,
desindices de rétention, des rapports masse sur
charge d’ions quantitatifs, des rapports masse
sur charge d’ions de confirmation, des rapports
d’ions de confirmation et des spectres de
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masse ;

b) une unité d’identification de pic (23) configu-
rée, par rapport a chaque pic dans des chroma-
togrammes créés pour les composés de mesure
surlabase des données obtenues parla mesure
en utilisant le spectrométre de masse de chro-
matographie (1), pour effectuer l'identification
d’un pic sur la base des informations de compo-
sés stockées dans l'unité de stockage d’infor-
mations de composés (22) afin d’extraire les
composeés de mesure correspondant au pic res-
pectif en tant que composés candidats possi-
bles relatifs au pic respectif ;

c)une unité d’extraction de composés candidats
relatifs a un pic identiques (24, 25) configurée
pour créer une liste de temps de rétention me-
surés pour les composés candidats possibles
extraits par I'unité d’identification de pic (23) et
extraire, de la liste, uniquement les composés
candidats présentant des identifications se che-
vauchantdans lesquelles les temps de rétention
mesurés sont identiques les uns aux autres ou
une différence entre les temps de rétention me-
surés est a l'intérieur d’une valeur admissible
prédéterminée, en trouvantainsiun ou plusieurs
pics présentant des identifications se chevau-
chant ;

d) une unité de regroupement de composés
candidats (25) qui regroupe les composés can-
didats présentant des identifications se chevau-
chant extraites par l'unité d’extraction de
composés candidats relatifs a un pic identiques
(24, 25) par rapport a chacun des un ou plu-
sieurs pics présentant des identifications se
chevauchant trouvées par l'unité d’extraction
de composés candidats relatifs a un pic identi-
ques (24, 25) ; et

e) une unité de sortie d’informations (27) qui
délivre en sortie de maniére externe des infor-
mations représentant les composés candidats
présentant des identifications se chevauchant
regroupés par rapport a chacun des un ou plu-
sieurs pics présentant des identifications se
chevauchant par l'unité de regroupement de
composeés candidats (25).

2. Dispositif de traitement de données (2) pour spec-

trométrie de masse par chromatographie selon la
revendication 1,

dans lequel les temps de rétention sont stockés
en tant qu’informations de composés dans I'u-
nité de stockage d’informations de composés
(22),

le dispositif de traitement de données (2)
comprenant en outre une unité de détermination
de composés candidats (26) configurée pour
comparer, pour chaque groupe incluant les
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composeés candidats présentant des identifica-
tions se chevauchant regroupés par l'unité de
regroupement de composés candidats (25) et
relatifs a un pic unique, des valeurs absolues de

calculer, pour chaque groupe incluant les
composés candidats présentant des identifica-
tions se chevauchant regroupés par l'unité de
regroupement de composés candidats (25) et
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32

relatifs a un pic unique, des valeurs absolues de
différences entre les valeurs de référence de la
pluralité des composés candidats inclus dans
chaque groupe et des rapports d’ions de confir-

différences entre les temps de rétention stockés 5 mation dans une position de sommet de picd’un
dans l'unité de stockage d'informations de pic de chromatogramme au niveau duquel les
composeés (22) et des temps de rétention me- composeés candidats présentant des identifica-
surés pour les composés candidats présentant tions se chevauchant sont extraits, et pour dé-
des identifications se chevauchant inclus dans terminer un composé candidat avec une valeur
chaque groupe, et pour déterminer un composé 70 absolue la plus faible dans la différence en tant
candidat avec une valeur absolue la plus faible que compose le plus probable relatif a un pic au
dans la différence en tant que composé le plus niveau duquel le composé candidat est extrait.
probable relatif a un pic au niveau duquel le
composé candidat est extrait. 5. Dispositif de traitement de données (2) pour spec-
15 trométrie de masse par chromatographie selon la

3. Dispositif de traitement de données (2) pour spec- revendication 1,
trométrie de masse par chromatographie selon la
revendication 1, dans lequel les valeurs de référence de rapport

d’ions de confirmation sont stockées en tant
dans lequel les spectres de masse sont stockés 20 gu’informations de composés dans l'unité de
en tant qu’informations de composés dans I'u- stockage d’informations de composés (22),
nité de stockage d’informations de composés le dispositif de traitement de données (2)
(22), comprenant en outre une unité de détermination
le dispositif de traitement de données (2) de composés candidats (26) configurée pour
comprenant en outre une unité de détermination 25 calculer, pour chaque groupe incluant les
de composés candidats (26) configurée pour composeés candidats présentant des identifica-
calculer, pour chaque groupe incluant les tions se chevauchant regroupés par 'unité de
composeés candidats présentant des identifica- regroupement de composés candidats (25) et
tions se chevauchant regroupés par l'unité de relatifs a un pic unique, des proportions des
regroupement de composés candidats (25) et 30 valeurs de référence des composés candidats
relatifs a un pic unique, des similitudes entre les présentant des identifications se chevauchant
spectres de masse pour les composés candi- inclus dans chaque groupe par rapport a des
dats présentant des identifications se chevau- rapports d’'ions de confirmation dans une posi-
chant inclus dans chaque groupe et des spec- tion de sommet de pic d'un pic de chromato-
tres de masse mesurés dans une position de 35 gramme au niveau duquel les composés candi-
sommet de pic d’un pic de chromatogramme au dats présentant des identifications se chevau-
niveau duquel les composés candidats présen- chant sont extraits, et pour déterminer un
tant des identifications se chevauchant sont composé candidat avec une valeur absolue la
extraits, et pour déterminer un composé candi- plus faible dans une différence entre la propor-
datavecune similitude laplus élevée entantque 40 tion et 1 en tant que composé le plus probable
composeé le plus probable relatif a un pic au relatif a un pic au niveau duquel le composé
niveau duquel le composé candidat est extrait. candidat est extrait.

4. Dispositif de traitement de données (2) pour spec- 6. Dispositif de traitement de données (2) pour spec-
trométrie de masse par chromatographie selon la 45 trométrie de masse par chromatographie selon la
revendication 1, revendication 1, comprenant en outre :

dans lequel les valeurs de référence de rapport une unité de détermination de composés can-
d’'ions de confirmation sont stockées en tant didats (26) configurée pour utiliser deux ou plus
qu’informations de composés dans l'unité de 950 parmi :

stockage d’informations de composés (22),

le dispositif de traitement de données (2) un premier processus de détermination
comprenant en outre une unité de détermination pour comparer, pour chaque groupe
de composés candidats (26) configurée pour comprenant les composés candidats pré-
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sentant des identifications se chevauchant
regroupés par l'unité de regroupement de
composeés candidats (25) et relatifs a un pic
unique, des valeurs absolues de différen-
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ces entre des temps de rétention stockés
dans l'unité de stockage d’informations de
composés (22) et des temps de rétention
mesurés pour les composés candidats pré-
sentant des identifications se chevauchant
inclus dans chaque groupe, et déterminer
un composé candidat présentant une va-
leur absolue la plus petite de la différence en
tant que composé relatif a un pic au niveau
duquel le composé candidat est extrait ;
un second processus de détermination
pour calculer, pour chaque groupe incluant
les composés candidats présentant des
identifications se chevauchant regroupés
par I'unité de regroupement de composés
candidats (25) et relatifs a un pic unique,
des similitudes entre des spectres de
masse pour les composés candidats pré-
sentant des identifications se chevauchant
inclus dans chaque groupe et des spectres
de masse mesurés dans une position de
sommet de pic d’'un pic de chromato-
gramme au niveau duquel les composés
candidats présentant des identifications
se chevauchant sont extraits, et pour déter-
miner un composé candidat avec une simi-
litude la plus élevée en tant que composé
relatif a un pic au niveau duquel le composé
candidat est extrait ; et

un troisiéme processus de détermination
pour calculer, pour chaque groupe incluant
les composés candidats présentant des
identifications se chevauchant regroupés
par l'unité de regroupement de composés
candidats (25) et relatifs & un pic unique,
des valeurs absolues pour des différences
entre les valeurs de référence de la pluralité
des composés candidats inclus dans
chaque groupe et des rapports d’ions de
confirmation dans une position de sommet
de pic d'un pic de chromatogramme au
niveau duquel les composés candidats pré-
sentant des identifications se chevauchant
sont extraits, et déterminer un composé
candidat avec une valeur absolue la plus
faible dans la différence en tant que
composeé relatif a un pic au niveau duquel
le composé candidat est extrait, ou calculer
des proportions des valeurs de référence
des composés candidats présentant des
identifications se chevauchant inclus dans
chaque groupe par rapport a des rapports
d’ions de confirmation dans une position de
sommet de pic d’'un pic de chromato-
gramme au niveau duquel les composés
candidats présentant des identifications
se chevauchant sont extraits, et déterminer
un composé candidat avec une valeur ab-
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solue la plus faible dans une différence
entre la proportion et 1 entant que composé
relatif a un pic au niveau duquel le composé
candidat est extrait,

de maniére a obtenir et a déterminer un
composé candidat comme un composé le plus
probable relatif a un pic extrait.

Dispositif de traitement de données (2) pour spec-
trométrie de masse par chromatographie selon 'une
quelconque des revendications 2 a 6, comprenant
en outre une unité d’organisation de résultat identifié
qui supprime automatiquement, pour chaque
groupe comprenant les candidats composés pré-
sentant des identifications se chevauchant relatifs
aun pic unique, des candidats composés présentant
des identifications se chevauchant, des candidats
composeés autres que le candidat composé détermi-
nés comme le composé le plus probable par l'unité
de détermination de candidat composé (26) en tant
que résultats inutiles d’identification du pic.

Dispositif de traitement de données (2) pour spec-
trométrie de masse par chromatographie selon la
revendication 1,

dans lequel les rapports masse sur charge des ions
quantitatifs et des ions de confirmation sont stockés
en tant qu’informations de composés dans 'unité de
stockage d’informations de composés (22), le dis-
positif de traitement de données (2) comprenant en
outre :

une unité de détermination de communauté de
composés qui compare, pour chaque groupe in-
cluant les composés candidats présentant des iden-
tifications se chevauchant regroupés par 'unité de
regroupement de composés candidats (25) et rela-
tifs @ un pic unique, les rapports masse sur charge
des ions quantitatifs et des ions de confirmation pour
une détection de pic et détermine s'il existe des
rapports masse sur charge communs.

Dispositif de traitement de données (2) pour spec-
trométrie de masse par chromatographie selon la
revendication 1,

dans lequel les rapports masse sur charge des ions
quantitatifs et des ions de confirmation et des spec-
tres de masse sont stockés en tant qu’informations
de composés dans l'unité de stockage d’informa-
tions de composés (22), le dispositif de traitement de
données (2) comprenant en outre :

une unité de détermination de communauté de
composés qui détermine si, pour chaque groupe
comprenant les composés candidats présentant
des identifications se chevauchant regroupés par
I'unité de regroupement de composés candidats et
relatifs a un pic unique, des rapports masse sur
charge d’union quantitatif et d’un ion de confirmation
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pour détecter un pic d'un composé candidat unique
sont inclus dans un spectre de masse d’un autre
composé candidat.

Dispositif de traitement de données (2) pour spec-
trométrie de masse par chromatographie selon la
revendication 9, dans lequel I'unité de détermination
de communauté de composés détermine si les rap-
ports masse sur charge de I'ion quantitatif et de I'ion
de confirmation sontinclus pour un pic de spectre de
masse sélectionné sur la base d’un rapport d’'inten-
sité sur un pic de base sont inclus dans le spectre de
masse de I'autre composé candidat.

Dispositif de traitement de données (2) pour spec-
trométrie de masse par chromatographie selon la
revendication 1, dans lequel lorsque des résultats
obtenus par regroupement par rapport a chacun des
unou plusieurs pics présentant des identifications se
chevauchant par I'unité de regroupement de compo-
sés candidats (25) sont corrigés, les résultats avant
correction sont activés pour étre sauvegardés auto-
matiquement et pour étre affichés selon une opéra-
tion prédéterminée.
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Fig. 2

( START )

51 COLLECT DATA FROM GC-MS ANALYSIS

g2 IDENTIFY EACH PEAK ON CHROMATOGRAM BASED ON INFORMATION
IN COMPOUND DATABASE

v
S3 CREATE RETENTION TIME LIST BASED ON
RESULTS OF IDENTIFICATION OF PEAK

A2

sS4 GROUP COMPOUND CANDIDATES (RESULTS OF IDENTIFICATION OF PEAK)
BASED ON RETENTION TIMES

S5 DETERMINE EXISTENCE OF OVERLAPPING IDENTIFICATION
FROM THE GROUPED RESULTS

DOES No

S6 OVERLAPPING IDENTIFICATION

EXIST?
Yes

SELECT MOST LIKELY COMPOUND CANDIDATE FOR EACH GROUP HAVING OVERLAPPING
IDENTIFICATIONS THROUGH DETERMINATION USING AT LEAST ONE STORED SET
RETENTION TIME, MASS SPECTRUM, AND CONFIRMATION ION RATIO REFERENCE VALUE

S8 DISPLAY RESULTS OF IDENTIFICATION OF PEAK INCLUDING
OVERLAPPING IDENTIFICATION DETERMINED RESULTS

END
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Fig. 3

(a) LIST OF RETENTION TIME (b) AFTER GROUPING
COI\[\ﬂIiﬁEND SET R_ll_El',I\'AEENTION RIFJEEIEEEEE\ZEA SF GROUP COI\’GI;’,\C/TEND SET R]I_El"l\'/lEENTION Rgg[‘\EEEHEE\ZEA SF
A Ta x1 1 A Ta x1
B Th x1 B Tb x1
C Te x2 [:> 2 C Tec x2
D Td X3 E Te x2
E Te x2 D Td X3
F Tf x3 3 F Tf X3
G Tg x3 G Tg X3

/

(c) SELECTION OF MOST LIKELY IDENTIFIED RESULT

MEASURED
GROUP CONK,\C/TILEJND SET R_ll_El'I’\'AEENTION RFJ;\T_;EQJ%?SF
1 A j Ta X1
B Tb x1
5 C TC 0 X2
E Te X2
D Td X3
3 F Tf X3
G Tg %3

}

(d) CORRECTION OF RESULTS SO THAT ONLY SELECTED RESULT REMAINS

COMiﬁEND SET RTE&EENT'ON RETEMNETAICS)HE{FIIEI\EI)E OF
IDENTIFIED PEAK
A Ta X1
C Tc X2
D Td x3
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